Abstract. Intermediate resolution observations of the blue spectrum of the symbiotic star AG Peg, being at a colliding wind stage in its evolution with decreasing luminosity and mass-loss rate of its hot component, have been realized. Profiles, fluxes and radial velocity data have been obtained. They are compared with earlier data, taken approximately at the same orbital phases. It turns out that the radial velocities of many lines differ from these data which is probably determined by a change of dynamics of the nebula. The comparison shows, also, the intensity of all emission lines has decreased, but the velocity of the wind of the hot component is invariable. The fluxes of the lines appearing in this wind have been theoretically calculated by means of values of the mass-loss rate obtained on the basis of contemporaneous UV observations. They are in good agreement with the observed fluxes which is a confirmation of this mass-loss rate. The intensity decrease of the narrow emission lines is discussed.
Introduction
The symbiotic binary systems possess dense gaseous nebulae formed, in most cases, by the wind of their cool components. At some stages of their evolution, however, these nebulae are formed by the winds of the two components. The system AG Peg (HD 207 757) is the oldest known symbiotic nova. It has undergone a single outburst (Lundmark 1921; Boyarchuk 1967) , which is the most prolonged one among the outbursts of symbiotics. Its visual light was 9 m before the middle of the last century. Between the years 1841 and 1855 it has begun to increase, reaching a maximum of approximately 6 m around 1885. Then it has gradually decreased and now it is practically equal to its value before the outburst.
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The analysis of the observations carried out in different spectral regions during the past years, imply one and the same model of this system -a stage of colliding winds. For the first time this model was proposed by Penston & Allen (1985) on the basis of three IUE high resolution spectra, where a high velocity P Cyg wind was detected in the lines of N v, N iv, C iv and He ii. Since the cool giant also loses mass through a stellar wind, it was concluded that the two winds probably interact.
Later the UV spectrum of AG Peg was studied by Kenyon et al. (1993) , Vogel & Nussbaumer (1994) and Altamore & Cassatella (1997) . Each of these analyses showed that a hot high velocity wind is observed in the lines of N v, C iv and He ii and in every one of them a conclusion about colliding winds was made.
A model of winds in collision was proposed also by Tomov (1993b) on the basis of profiles, fluxes and radial velocities, derived from homogeneous high dispersion spectral observations in the visual during two consecutive orbital cycles (Tomov & Tomova 1992; Tomov 1993a) . The broad components of the first Balmer lines and the line He ii 4686 were caused by radial flow of gas with high velocity.
Supposing a regime of colliding winds in the AG Peg system Vogel & Nussbaumer (1994) theoretically calculated the radio image of its nebula being in good agreement with the observed one. A proof for existence of a shock region of the winds was obtained on the basis of ROSAT data by Mürset et al. (1995) . They created a hydrodynamical model whose X-ray energy distribution was in agreement with the observations. There are also observational data showing that some parameters of the wind of the hot companion are changed. According to both UV (Kenyon et al. 1993; Vogel & Nussbaumer 1994; Altamore & Cassatella 1997) and visual (Hutchings & Redman 1972; Ilmas 1987; Tomov & Tomova 1992) observations, the lines, appearing in this wind, began to weaken after the year 1978. The decrease of their intensities is determined by decreasing massloss rate (Kenyon et al. 1993; Vogel & Nussbaumer 1994 ; 3950  3970  3990  4010  4030  4050  4070  4090 4110 3650  3670  3690  3710  3730  3750  3770  3790  3810   -5   15   35   55  H31  H21  H20  H19  H18  H17  H16  H15  H14  H13  H12  OIII2  H11 H10 Fig. 1 . Sections of the spectrum, taken on JD 2 449 969.38. The ordinate scale is in arbitrary units Altamore & Cassatella 1997) . Having in mind their behaviour Zamanov & Tomov (1995) prognosticated that in the near future the change of the mass-loss at the observed rates will cause its decreasing below a given minimal value. At that time the momentum of the hot wind will not be sufficient for realizing a collision and the system will move to a regime of a wind accretion. This transformation will be the final stage of the outburst begun in the first half of the last century.
The change of the mass-loss rate of the hot companion causes changes in the dynamics and the physical parameters of the nebular envelope and consequently of its spectrum. That is why we observed the blue region where most of the visual emission lines are situated. In this paper we analyse and discuss intermediate resolution observations of AG Peg taken in 1995 and compare them with the observations in the middle of the last decade (Tomov & Tomova 1992; Tomov 1993a) to study the evolution of the visual emission lines during the final stage of the outburst.
Observations and reduction
The present work is based on two spectrograms, taken with the Coudé spectrograph of the 2 m RCC telescope of the National Astronomical Observatory Rozhen (NAO) on Sep. 8, 1995 (JD 2 449 969.38) and Sep. 13, 1995 (JD 2 449 974.38) . The observations were performed in the region from 3600Å to 5000Å on ORWO ZU emulsion, with a resolution of 0.5Å. (The reciprocal linear dispersion was 18Å mm −1 .) Both exposures were comparatively deep, each of 240 minutes, in order to bring out the wings of the bright emission lines and to detect the fainter features. The spectra were digitized with the Joyce Loebl microdensitometer of NAO and ReWiA package was used for wavelength and density calibration as well as for calculation of the radial velocities and the equivalent widths. Sections of the spectrum taken on JD 2 449 969.38 are displayed in Fig. 1 where the lines with measured radial velocities have been marked. As the strongest lines are not seen in this figure, the profile of one of them is displayed separately in Fig. 2 . The profiles of the others are similar. The radial velocity of each group of lines is listed in Table 1 . We obtained the line fluxes using only the spectrogram of JD 2 449 969.38 as it turned out that the sensitivity of the other one was decreased in the long wavelengths region. Only fluxes of comparatively stronger lines were measured such that their equivalent width errors should be less than 30%. We consider the intensities of the same emission lines investigated in the work of Tomov (1993a) to have possibility for comparison. Some of these lines are the members of Pickering series of He ii having wavelengths λλ 4200 and 4542Å. They are unresolved blends. At the phases of our observations the line He ii 4542 is blending with the line Fe ii 4542, but the latter of them has considerably lower intensity. The line He ii 4200 is blending with the line N iii 4200 which has also lower intensity. In our opinion the blending of these lines works unessentially on the measurement of their equivalent widths. photometric systems. The error of the monochromatic continuum fluxes, obtained in this way, is due first of all to the presence of the bands of titanium oxide. This error is approximately equal to the error of the level of the local continuum (∼10%), as titanium oxide bands of the AG Peg system are shallow because of an overwhelming by the hot continuum (Boyarchuk 1966; Tomov & Tomova 1992) . The line fluxes were corrected for interstellar reddening. There are several values for the excess E(B − V ), obtained by different methods and placed in the range 0.08 − 0.15 (Penston & Allen 1985) . We adopted the value E(B − V ) = 0.12 and used the extinction law by Seaton (1979) . The line fluxes are listed in Table 2 .
For the aims of our consideration the ephemeris of Fernie (1985) Max(V ) = JD 2 442 710.1 + 816.5×E will be used. The epoch of the photometric maximum when the hot companion is before the giant is used as a start The data obtained will be compared with the results of our previous observations (Tomov & Tomova 1992) and that is why some of these results are listed in Table 3 and displayed in Fig. 3 as well. These are radial velocities data derived also on the basis of photographic observations in the blue spectral region. 40% of these spectrograms were taken with the Coudé spectrograph of the 6m telescope of the Special Astrophysical Observatory of Russian Academy of Sciences and have dispersion of 9Å mm −1 and the rest -with the Coudé spectrograph of the 2 m RCC telescope of NAO, with dispersion of 18Å mm −1 . All these spectrograms were processed with the oscilloscopic comparator of NAO, whose positioning error is equal to 0.5 µm.
The radial velocity curves of all groups of emission lines (Fig. 3) were plotted by means of the same program, used for obtaining the orbital solution. The lines in this figure plot the best-fitting circular orbits for the data in Table 3 . The phase shift of each curve with respect to the absorption lines velocity curve, determined by the orbital The line H 8 is badly blending with the line He i 3889 and is inappropriate for investigation.
We obtained radial velocities, measuring only the narrow components (Table 1 ). The radial velocities of all lines were the same within the range of the error, i.e. we didn't ascertain the existence of Balmer progression. The velocities of both spectra differ appreciably from the values of the radial velocity curve of the hydrogen lines at our phases in Fig. 3 . These differences exceed the level of our error and that is why we consider they are due to a change of dynamics of the nebula.
The line fluxes (Table 2) obtained at the present time are compared with the fluxes obtained in 1986 (Tomov 1993a) . Each of the latter of them is an arithmetical mean of three spectra taken at the moments JD 2 446 660.53, 2 446 752.18 and 2 446 755.27, which are at phases 0.838, 0.950 and 0.954. We compare spectra taken approximately at the same phases since the intensity of most of the emission lines vary during the orbital cycle. The line fluxes in the work of Tomov (1993a) have been systematically reduced by a factor of about 1.5. The data used in the present work have been improved and then deredened in the way described in the last section. The data from the table show that the fluxes of the Balmer lines have decreased on average by a factor of 3.2.
The helium lines
The FWHM of the singlets is 45 − 50 km s −1 and those of the triplets -about 60 km s −1 . Some of the lines of both groups have asymmetry in their profiles. The two groups have the same velocity (Table 1) practically equal to the value at our phases of the radial velocity curve of the helium lines in Fig. 3 . The line fluxes of the singlets have decreased on average by a factor of 2.1 and those ones of the triplets -by a factor of 1.9 (Table 2) .
The lines of elements of high degree of ionization
Lines of different highly ionized elements namely He ii, N iii, O iii and C iii are present in the blue region of the spectrum of AG Peg.
Like the Balmer lines the line of He ii 4686 consist of two components: a central nebular component with FWHM equal to 80 km s −1 and a broad component, indicating stellar wind. The profile of the broad component, observed at the moment JD 2 446 755.27 when the line was more intensive is compared with the one, observed at JD 2 449 969.38 in Fig. 4 . The error of the local continuum in the first case is equal to ±5% as Kodak IIaO emulsion having a lower noise was used. This error in the second case is about ±10%. The observed spectrum in the region of the He ii 4686 broad component was corrected through removing the strongest absorption lines of the red giant spectrum. Then the individual profiles were analysed by fitting with a sum of two gaussian components. The FWHM of the broad component in the first case is equal to 1210 ± 50 km s −1 and in the second one −1310 ± 200 km s −1 . Taking into account the observational errors we have no reason to suppose that the line width has changed. This procedure allows us to obtain the equivalent width and the line flux with errors equal to about 30% in the first case, and about 50% in the second one. These errors are due first of all to the errors of the local continuum. If we take a velocity of the wind at a distance 2σ from the center of the line this velocity is obtained to be 1030 km s −1 and 1110 km s −1 in the two cases. We are inclined to adopt the first one of these values made up to 1000 km s −1 , as it is based on emulsion with better quality.
The velocity of the narrow component of He ii 4686 (Table 1 ) is in agreement with the radial velocity curve of this line in Fig. 3 . In a period of nine years its flux has decreased by a factor of 3.0 (Table 2) .
We Since there was a great difference between the velocities of the O iii lines of the two spectrograms, their values were excluded from further consideration. The lines of the rest of the elements have practically the same velocities whose arithmetical mean is shown in Table 1 . However, they differ from the values of the radial velocity curve of the ionized elements at the some phases in Fig. 3 .
The fluxes of the Pickering lines of He ii have decreased on average by a factor of 1.1 and those of N iii -by a factor of 1.7. (Table 2) . Its FWHM is equal to 73 km s −1 . There was a great difference between the [Ne iii] 3868 line radial velocities in the two spectrograms and that is why they were excluded from further consideration. Like H i, He ii, N iii and C iv lines, the velocity of the [O iii] 4363 line (Table 1) differs considerably from the one obtained previously at the same phases (Fig. 3) .
The lines of ionized metals
Besides all groups of lines examined up to now, emission lines of singly ionized and neutral metals as Fe ii, Ti ii, The radial velocity of the Fe ii and Ti ii lines (Table 1 ) was obtained to be equal to the velocity of the lines of the singly ionized metals (Tomov & Tomova 1992) which doesn't vary with the orbital phase and is equal to −18.1 km s −1 . These facts are probably due to the following reason: in contrast to the rest of nebular lines the lines of the singly ionized metals are excited in a part of the giant chromosphere, which faces the hot companion (Boyarchuk 1966; Kenyon et al. 1993) and is located very close to the mass center of the system, whose velocity is derived in the interval 16 − 18 km s −1 (Hutchings et al. 1975; Tomov & Tomova 1992; Kenyon et al. 1993) .
The line fluxes of Fe ii have decreased on average by a factor of 1.7 (Table 2) . We assume the part of the giant atmosphere which is ionized by the hot companion has decreased approximately in the same ratio.
The broad components and the mass-loss rate
The evolution of the hot component of the AG Peg system has been considered by Mürset et al. (1991) , Kenyon et al. (1993) , Vogel & Nussbaumer (1994) and Altamore & Cassatella (1997) . Their analyses show that after the year 1978 the radius, the luminosity and the mass-loss rate of this star have been decreased at nearly constant temperature. We will examine if the variations of the line intensities, observed by us, are in line with the variations of these parameters. Only the broad components of the lines Hβ, Hγ and He ii 4686 will be considered since only they appear in the wind of the hot companion (see Sect. 5) and depend solely on its parameters. The fluxes of these lines will be calculated and compared with the observed ones.
The mass-loss rate has been derived by Vogel & Nussbaumer (1994) and Altamore & Cassatella (1997) with the same methods using UV spectra obtained during approximately one and the same period of time. The first of these methods is based on the dependence of the equivalent width of the He ii 1640 line on the mass-loss rate of the Wolf-Rayet stars (Schmutz et al. 1989) and is related to the case when the line is optically thick. This dependence has been extrapolated to the atmosphere of the hot companion of AG Peg. The second method is based on the relation between the energy emitted in the He ii 1640 line and the mass-loss rate when the wind has spherical symmetry and a constant velocity. It is related to the case when the line is optically thin. The results obtained with the two methods are in good agreement.
In our study we will consider the hot wind in the nebular approach, i.e. we will follow the second of these methods and that is why the value of the mass-loss rate, derived in this case will be used. The arithmetical means of the data of Vogel & Nussbaumer (1994) and Altamore & Cassatella (1997) The line flux determined by recombinations is given by
where n ion is the density of the ion treated; n e , the electron density; α eff (T e , n e ), the effective recombination coefficient of this line and V , the emitting volume. If helium is ionized twice in this volume, the electron density will be n e = (1+ 2a(He))n and the density of the given ion n ion = a(X)n, where a(X) is the abundance by number of the element X relative to hydrogen. Then for the line flux we obtain
The abundance by number of He relative to H, a(He), is adopted to be 0.1 (Vogel 1993; Vogel & Nussbaumer 1994) . The recombination coefficient α eff corresponds to an electron temperature of T e = 20 000 K (Pottasch 1984) . The distance to the system d is assumed to be 650 pc, which value is used mostly in the current analyses (Mürset et al. 1991; Vogel & Nussbaumer 1994; Mürset et al. 1995; Altamore & Cassatella 1997) . The density in the hot wind is a function of the distance to the center and can be expressed via the continuity equation
whereṀ is the mass-loss rate; υ, the wind velocity equal to 1000 km s −1 and µm H , the mean molecular weight in the hot wind, µ = 1.4 (Nussbaumer & Vogel 1987) . Using Eqs. (2) and (3) we can calculate the line flux emitted by a nebula formed by a wind with spherical symmetry and a constant velocity. We will consider that the temperature of the hot companion of the AG Peg system in both moments has been equal to 90 000 K, which is approximately an average of the results of Mürset et al. (1991) , Kenyon et al. (1993) and Altamore & Cassatella (1997) . In this case the photon fluxes beyond the limits of the ground series of hydrogen and ionized helium (Nussbaumer & Vogel 1987) are fully sufficient for ionizing these elements in the hot wind to infinity. It is necessary for the calculation of the line fluxes to determine the region of integration. We treat the wind in the nebular approach (Vogel 1993; Vogel & Nussbaumer 1994) and that is why the inner radius is thought to be the radius of the star. We will use for its value the arithmetical means of Vogel & Nussbaumer (1994) and Altamore & Cassatella (1997) , which are 0.11 R and 0.09 R in the two moments respectively. Let's consider the outer radius. The fact that the radial velocity of the broad components varies with the orbital phase (Tomov & Tomova 1992) means that their emitting volumes are gravitationaly connected with the star and are not probably extended to a great distance. The calculation of the line fluxes supports this conclusion since the gas at a distances greater than half of the binary separation was found to have no contribution. We will use for this reason an outer radius equal to 300 R .
The calculated fluxes are listed in Table 5 where they are compared with the observed ones. It is seen that their difference ranges up to about 45%. One of the reasons for this difference is the equivalent width error, which is due to the error of the local continuum. The equivalent width error of the broad components reaches 50%.
Discussion
It was presented in the work of Tomov & Tomova (1992) that the orbital variations of the radial velocity of the He ii 4686 broad component are opposite in phase with those ones of the giant and are determined by the motion of the hot companion. The radial velocity variations of all nebular lines (the lines of ionized metals are an exception) have practically the same phase shift in relation to the radial velocity variations of the two stellar components (Fig. 3) . This means the radial velocities of all these lines are determined by the same flow in the circumstellar nebula which, as a whole, is not at rest and there is probably a pronounced large-scale motion in it. The phase shift of the radial velocity curves shows the gas flow is in correlation with the orbital motion. However, the different amplitudes probably indicate some stratification in the direction of the motion causing the various lines to be appear in areas with different velocities.
The described behaviour of the radial velocities during the orbital cycle is related to a binary system, where both components have a stellar wind. Then the two winds must collide head on, as presented in a simplified approximation by Girard & Willson (1987) . A nebular region with a high density and a low velocity of the gas motion is formed as a result of that collision. That is why it was supposed (Tomov 1993b ) that the radial velocities of all of the visual narrow lines of AG Peg are probably determined by the motion in the conical part of the nebular region of this system.
The analysis of the emission line spectrum (Sect. 3) showed that the intensity of all lines has decreased. The possible excitation mechanisms in the nebular region include shocks and photoionization. That is why the total flux of the emission lines appearing in this region will consist of two parts: one determined by radiative heating and the other -by shock excitation. The interpretation of the decrease of these fluxes requires modelling in detail of the emitting region. This is a problem of a theoretical nature, including computation of its shape and size as well as the velocity and density distribution. However, it is possible to show by means of elementary calculation that the fluxes would be decreased by a factor close to the mean observed decrease factor of all elements if ionization is realized only by shocks. The mass-loss rate of the giant and the velocity of its wind are considered to be constant having values 2 10 −7 M yr −1 and 20 km s −1 (Vogel & Nussbaumer 1994; Mürset et al. 1995) . The wind parameters of the hot companion are presented in the last section. Then the sum of kinetic energies of the winds in the two moments considered by us is calculated to be 4.91 10 34 erg s −1 and 2.77 10 34 erg s −1 respectively. These are upper limits, since the wind velocity components normal to the nebular region surface in its predominant part are less than the velocisties themselves. The ratio of these amounts is 1.8 and the average of the observed values of the decrease factor of the different elements is 2.5.
Conclusions
We present results of observations of the blue spectrum of the symbiotic system AG Peg at the final stage of its outburst when the luminosity and the mass-loss rate of its hot component decrease. The radial velocity data and the line fluxes have been obtained.
The radial velocities of the emission lines are compared with the radial velocity curves of the same elements during the orbital cycle, drawn on the basis of earlier observations, realized nine years ago (Tomov & Tomova 1992) . It turns out that some of them differ considerably from the corresponding values of the curves, which in our opinion, is determined by dynamical change of the nebular environment. Balmer progression has not been established.
The profile of the lines Hβ, Hγ and He ii 4686 consists of two components: a central narrow component and a broad component indicating stellar wind. The comparison with earlier spectra (Tomov & Tomova 1992) shows the width of the broad component has not changed, which means that the wind velocity has had a constant value. The line fluxes of the broad components have been calculated by means of the mass-loss rate, obtained on the basis of contemporaneous UV observations. They are in agreement with the observed fluxes which confirms this mass-loss rate and its decreasing by a factor of 1.77 during this period of nine years.
The line fluxes of the more intensive among the narrow lines have also been obtained. A decrease of these fluxes by a mean factor of about 2 for all elements has been derived during this period.
